The testes of 81 Himalayan rabbits, controls in toxicity studies, and 113 purpose-bred rabbits of various age groups from birth to 2 years were studied. In mature male rabbits, regressive changes in the seminiferous tubules including the multinucleated spermatid giant cellswere common and showed a tendency for age-related and seasonal differences. The finding is considered as a remnant of the previous seasonal and possibly also social testicular regression in wild living animals. The giant cells develop from tbe syncytium of the germinative epithelium and have parallels in phylogenesis.
Since the beginning of modern histopathology, investigators rave been fascinated by the incidence of polynuc1eated spermatid giant cells in the testes of man and other mammals. According to a comprehensive literature survey by Benitz and Dambach (1965) the lesion has been observed in almost all laboratory animals (mouse, rat, guineapig, rabbit, cat, dog and monkey), a few wild living species (mole and hedgehog) and farm animals (pig).
In a more recent literature: in the mouse, spermatid giant cells (spermatid symplasts) were found 6-8 days after ligation of the efferent ·Present address: Area of Non-Clinical Drug Safety, Boehringer Ingelheim GmbH, 0-6507 lngelheim, Germany.
Received 25 March 1991; accepted 30 October 1991 duct (Singh & Abe, 1987) , in the experimental allergic orchitis (Sato et al., 1981) , and in aged dd-mice (Takano & Abe, 1987) . Giant cells have occurred in the testes of 2-year-old Wistar rats (Lutzen & Ueberberg, 1973) . In the TW inbred rat, about 50070 of the males suffer from testicular hypoplasia with many multinucleated giant cells (Ajisawa et al., 1985) . They have been observed also in rats deficient in vitamins A (Bosakowski et al., 1991) and E (Wright, 1987) as well as after treatment with 5-D-thioglucose (Wiechel, 1981) , and a neurotoxic hexacarbon (Chapin et al., 1983) . The spermatid symplasts were found in wild living Syrian hamsters and Aguti (Militzer & Rasim, 1990, unpublished) . Spermatid giant cells belong to early degenerative findings in middle-aged cats (Elcock & Schoning, 1984) , and are common in men who exhibit oligozoospermia (Holstein & Eckmann, 1986) . Giant cells are well-known in the Brucella abortus orchitis of the bull (Konig, 1985) . Furthermore, the presence of multinucleated cells has been described in fowl and lizard testes (Lake, 1956; Del Conte, 1975) .
In toxicologic studies using young but mature male rabbits, the high incidence of testicular lesions is striking. They consist of degenerative changes of the epithelium of seminiferous tubules, more often including multinucleated spermatid giant cells in various stages of size, development and degeneration.
Previously, multinucleated giant cells in the rabbit's testis were described after exposure to X-rays (Herxheimer & Hoffmann, 1908; Schinz & Slotopolsky, 1925; Heller, 1948) , changes in temperature (van Oordt & van der Heyde, 1928) , following treatment with caffeine (Stieve, 1931) , autoimmune orchitis (Yantorno et al., 1971; Bigazziet al., 1976) , bacterial infection (Torgersen et al., 1982) , and after abdominal surgery, vasectomy, local injury, cryptorchidism, hormonal imbalance, and circulatory disturbances (Schinz & Siotopolsky, 1924; Asdell & Salisbury, 1941; Pl6en, 1973a Pl6en, , 1973b Flickinger, 1975) .
Spermatid giant cells have been also reported in untreated rabbits (PI6en, 1973a (PI6en, , 1973b Flickinger, 1975; Morton et al., 1986a Morton et al., , 1986b Morton et al., , 1987 Morton, 1988) .
Here, the seasonal occurrence of testicular lesions has been compared with the controls of long-term toxicity studies and their age-related incidencein purpose-bred rabbits of the Himalayan strain.
Materials and methods

Animals
Himalayan rabbits (strain Chbb:HM, identified by Matsuo et al., 1981; Lehmann et al., 1986) were homebred using a rotation system within our closed colony. The animals were free from ecto-and endoparasites, mycoplasms and pasteurellae, and housed behind an air shower barrier under controlled environmental conditions Tsunenari & Kast of temperature (22 ± I 0e), humidity (60 ± 50/0), and light (30 Lux at 1 m above floor, 12:12= light:dark from 0600 to 1800h). Ventilation with fresh air was 16 times/h, the air stream maximum 20 cm/s.
Young rabbits were kept in litters or groups, males from 5-month-old individually, the 81 surviving controls (Group A) used in 11 toxicity studies (Table I) in round, chrome-plated 3 mmwire cages (floor area 2352 cm 2 ), the different age groups (Group B) of studies 2-8 (see below) in stainless flattened 5 mm-wire cages (floor area 2576 cm 2 ). Standard pelleted dry diet CR-l (Clea Japan Inc., Osaka, Japan) and municipal tapwater were available ad libitum. At weaning, the male rabbits were identified by an ear tattoo number and randomly assigned to the study groups.
Experimental design
The following 8 age groups were studied in 1987/88. All 113 males were born as litter mates of females purpose-bred for teratology studies: I. Fifteen newborns killed on II June immediately after birth 2. Fifteen weanlings killed on 9 July at 4 week old 3. Fifteen males, 5 weeks old, killed on 16 July 
Observations
In general toxicity studies, the male controls were subjected to autopsy, their testes removed with the other organs, prepared as described below, stained with hematoxylin and eosin, and examined light-microscopically. The rabbits of the 8 age groups were killed with ether, right and left testes identified, removed and weighed after separation from the epididymides. The tunica albuginea was incised to facilitate fixation. The right testis of each animal was fixed in 70/0 formalin solution, and at 3 levels (head, centre, and tail) specimens were cut, embedded, sectioned at 2-3 p. thickness, mounted, and stained with hematoxylin and eosin, azan and fat red 7b.
Histometric methods were applied to the testicular structures as follows: 1. Minimum diameters of 100 seminiferous tubules each per head, centre and tail of right testis.
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2. Counts of germ cells(spermatogonia, leptotene and pachytene spermatocytes, and round spermatids) in round cross sections of 4 tubules from different lobules in the right testis according to Amann (1986) , Berndtson (1977), and Berndtson et al. (1989) .
Counts of spermatid giant cells in 100tubules
in the centre of right testis. From three bucks (Nos 1, 3 & 5) of each age group, thin pieces of the left testis (centre and periphery of the head) were fixed in 2· 5% glutaraldehyde solution, buffered with O· 1M phosphate buffer; dehydrated in an ascending series of alcohol, and embedded in Epon 812, 10 blocks/rabbit; ultrathin sections were cut on the Reichert ultramicrotome OM U3, mounted on grids, double stained with uranyl acetate and lead citrate and studied with the electron microscope Hitachi HS-9. Before, testicular lesions were identified on semithin sections stained with methylene blue or toluidine blue. The remainder of the left testis was fixed in formalin and treated in the same manner as the right one (see above).
Results
Group A
In the 81 male control rabbits from the general toxicity studies, no seasonal tendencies were observed concerning the testicular organ weights. The total number of germ cells was in a good agreement from March to July, however, later on moderately or significantly (Nos 5 and 11) decreased from August through December (Table  1) . Spermatid giant cells were found in tubular lumens of all animals. They were round, rosette- Significantly different from left testis, ·P<0·05, **P<O'OI, **·P<O·OOI according to sign test (Hollander & Wolfe, 1973) . forming cells with numerous parietal, more often pyknotic nuclei. The number of giant cells per 100 tubules differed largely among individual rabbits, but in mean values was distinctly less in the 42-week-old males of current study No.3, and significantly higher in groups killed from July through December. Sections of tubular hypospermatogenesis occurred in individual rabbits, but independent of season and not in all studies.
Group B
The testicular development in parallel to the body weight is summarized in Table 2 . Himalayan rabbits reach their adult body weight at about 26 weeks old, while the testicular weight and the minimum diameters of seminiferous tubules continue to increase until 104 weeks old. The location of the tubule, whether head, centre or tail of testis, had no influence on its diameter. The right testis is slightly, but significantly smaller in all age groups. Histologically, in males of the 8 age groups the following differences were seen:
1. The developing tubules of testes from newborn rabbits contained an irregular mixture of germ cells and Sertoli cells. Some fetal Leydig cells were present in loose interstitial tissue.
2. At 4 weeks of age, the tubules were well formed and contained predominantly columnar Sertoli cells aligned perpendicular to the basal lamina, and interspersed round germ cells of gonocytic and pre-spermatogonial type. The sparse interstitial tissue consisted of mesenchymal cells. Fetal Leydig cells had disappeared. 3. At 5 weeks of age, the tubules did not differ from the 4-week-old group, but a few mature Leydig cells became visible (Fig. 1) .
4. At 7 weeks of age, a few type A spermatogonia appeared in the tubules and showed an extensive cytoplasmic swelling. Sertoli cells were greatly elongated. The interstitial tissue consisted of Leydig cell aggregates, typical of the adult testis.
5. At 3 months of age (12 or 13 weeks), the diameter of the tubules had distinctly increased. The height of the epithelium varied from 4 to 5 layers around the lumen which had formed in most but not all tubules. Spermatogenesis had advanced to elongated spermatids. Spermatozoa were already seen in some tubules which otherwise appeared still immature (Fig. 2) . Cytoplasmic vacuoles were common in supporting cells. In three 12-week-old males, tubules with hypospermatogenesis and reduced number of epithelial layers were observed in various sections (Fig. 3) . Numerous spermatid giant cells occurred in all 13-week-old males (Fig. 4 ) and were extremely numerous in animals with just starting spermiogenesis. The spermatid giant cells contained two or more nuclei. Giant cells with scattered nuclei were seen as wellas rosette-forming giant cellswith numerous (up to 40) peripheral nuclei in one cross section measuring 20-40 p. in diameter. Some 0 f them had pyknotic nuclei of spermatids. The interstitial tissue showed adult appearance (Fig. 5) . 6. At 6 months of age, spermiogenesis was fully developed (Fig. 6) , and the epididymides were filled with spermatozoa. No distinctly visible differences existed between head, centre and tail of right and left testes. Six males had a mild tubular hypospermatogenesis and cytoplasmic vacuoles in supporting cells. All males exhibited numerous multinucleated giant cells (Fig. 7) . Calcified spermatids were seen in one case. Three males had completely underdeveloped testes for their age group: empty tubules with a dilated lumen were common and mostly located just below the tunica albuginea.
7. At one year of age, spermatogenesis appeared somewhat more mature than 6 months before. There were 9 cases (Fig. 8 ) of aspermatogenesis in a cluster of tubules beneath the tunica albuginea. Only Sertoli cells were present within these tubules the diameter of which was markedly shortened. Cytoplasmic vacuoles were formed close to the tubular wall in two males. In all but one male, multinucleated spermatid giant cells appeared (Fig. 9 ). There were also individual cases of interstitial or perivascular foci of lymphocytic infiltration, pigmented or calcified spermatids and atrophy of both testes.
8. At 2 years of age, six males showed groups of dilated tubules with a-or hypospermatogenesis, three males had relatively numerous spermatid giant cells (Fig. 10) . There was also a multiple interstitial cell tumour with atrophy of the adjacent seminiferous tubules some of which contained giant cells. Another male suffered from a circumscribed atrophy in the centre of right testis. Electronmicroscopically, multinuclear spermatogonia or spermatid giant The tubular findings in mature testes are compared in Table 3 . The total number of germ cells per tubule increased from 13-104 weeks of age, significantly from the 13 week age group. Tubular hypospermatogenesis was not observed at 13 weeks old, but was common in the higher age groups. The number of spermatid giant cells decreased with growing maturity, as well significantly from the 13 week age group.
Discussion
The testicular development of the rabbits [New Zealand White (NZW) and Himalayan] has an immature phase extending from birth to 5 weeks old, in the NZW characterized by low testosterone and FSH levels, and by a slow growth of testis (Berger et al., 1982) . After the gradual disappearance of fetal Leydig cells during the first week, the formation of mature Leydig cells appears at 5 weeks of age (Gondos et al., 1976) . Thereafter, the peri pubertal phase starts with a striking increase in testosterone and FSH levels, and an acceleration of testicular growth. Spermatogenesis begins with the first meiotic divisions at 7 weeks of age in NZW and Himalayan rabbits, spermatids appear in the twelfth week. Fighting starts in NZW at 3 months old, mounting behaviour at 5 months (Gondosetal., 1973; Bergeretal., 1982) . Dutchbelted rabbits ejaculated motile sperm from 17 weeks of age (Bell & Mitchell, 1984) . NZW apparently reach puberty, a stage when the endocrine functions of the testes become evident, at 24 weeks of age (Macari & Machado, 1978) . NZW reach sexual maturity at about 32 weeks of age, when the daily sperm output reaches adult level without further increase and the sperm concentration is maximal (Amann & Lambiase, 1967) . Himalayan rabbits reach their adult body weight at about 26 weeks old, while the testicular weightand the minimum diameters of seminiferous tubules continue to increase until 104 weeks old.
With his number of 12· 2 ± 2 elongated spermatids per Sertoli cell the rabbit is the most efficient sperm producer among mammals (Russel & Peterson, 1984) . The hormonal control over testicular function is via the anterior lobe of the pituitary depending on nervous and neurochemical signals which relay information from the hypothalamus, anterior (Amann, 1986; Proshlyakova et al., 1986) . In addition, the importance of the retina, even if non-illuminated, as a superior regulating centre for the maturation of the testicles has been demonstrated in the rabbit (WeiO& Leibl, 1976) .
The photoperiod influences seasonal reproductive cycles and the histological appearance of the seminiferous tubules in a wide range of mammalian species (Lincoln, 1989) . In some strains of seasonally breeding wild rats, temporary testicular degeneration characterized by maturation arrest at the primary spermatocyte stage occurs during winter. Degenerative changes are accompanied by extremely low levels of serum FSH, LH, and androgens. Reactivation of spermatogenesis occurs in spring (Kerr et al., 1980; Irbyetal., 1984) . Even in man, the lowest sperm counts occur in the summer, while the peak values are in winter and spring (Politoff et al., 1989) .
The testes of wild European rabbits develop and regress seasonally: growth is maximal between January and April; thereafter, regression begins and continues until the autumn, when the testes are at their smallest (about 500/0mature size), although some males are still sexually active at this time (Brambell, 1944; Boyd, 1985) .A 50% or even 90% reduction in the number of fertile spermatozoa deposited during mating probably will not markedly reduce fertility (Amann, 1986) .
In other wild living lagomorphs, Lepus capensis and Lepus timidus scoticus, in combination with a seasonal azoospermia, the weight of the testes may even decrease below 30% (Flux, 1970; Lincoln, 1989) , and reproductive regression in wild rabbits can be induced by a reduction in the daylength (Boyd, 1986) . . In rabbits kept under constant environmental conditions, no rhythmicity can be observed in relative organ weights of testes, as shown in Table 1 . Carson and Amann (1972) , however, found a seasonal variation in laboratory NZW rabbits kept under constant light:dark cycle of 13:11 h, but with a wide range of temperature August from about 7 to 4, 5 g ( = 35% less), just opposite to natural conditions. In our studies, there was a tendency for decreased germ cell figures in parallel to a marked increase in spermatid giant cells from August to December indicating traces of a seasonal rhythm (Table 1) .
In another mode of action, adults of wild rabbit populations are known to spray their urine over young conspecifics resulting in a suppressant effect on testicular function to manipulate the reproductive activities of subordinates which are denied access to oestrous females, and show inhibited gonadal development. That is used instinctively to regulate the exploitation of limited food resources (Mykytowycz & Fullagar, 1973; Bell, 1980; Bell & Mitchell, 1984; Bell, 1986) . There are, however, probably other mechanisms involved to maximize individual reproductive success. Morton et al. (1986b) have investigated the testes of 183 untreated, control NZW rabbits used in one month and 3 month toxicity studies at 5 laboratories. The animals were 18 and 26 weeks of age at sacrifice, respectively. Hypospermatogenesis occurred in 42% of the 18 week and in 22% ofthe 26 week age group, respectively. Spermatid giant cells were present in 100% and 91%, respectively. All rabbits were housed in environmentally controlled rooms, and seasonal incidence of the lesions was not significant.
In another study (Morton et al., 1986a) , the testes of 36 untreated NZW rabbits were examined: Spermatid giant cells occurred in 96% of rabbits 15 weeks of age or older. Focal hypospermatogenesis was present in 14-57% of testes once active spermatogenesis began. In contrast to our results in which the number of spermatid giant cells decreased distinctly with aging in both groups A & B (Tables 1 and 3 Many multinucleated cells, so-called spermatid symplasts, normally occur in the healthy mammalian testis (Dym & Fawcett, 1971) . The total number of viable spermatids which remains interconnected is undeterminated, but may well be as many as a hundred. The bridges persist as the germ cells migrate from the base towards the lumen of the seminiferous tubules maintaining the synchrony of spermatid differentiation showing the syncytial nature of the developing male germ cells.
The reason for the development of spermatid symplasts is seen because the germinative epithelium may be a syncytium which gradually separates during normal spermiogenesis. Intercellular bridges appear early in fetal development of testes and are connecting germ cells, spermatogonia, spermatocytes and spermatids of the rabbit and other mammalian species (Fawcett et al., 1959; Dym & Fawcett, 1971; Wiechel, 1981) . In case of physiologic or pathologic regression, the cell bridges are kept and enlarged. The multinucleated symplasma (Benitz & Dambach, 1965) Phylogenetically, in platyhelminths, nematoda and annelida germ cells surround a cytophore, a mass of cytoplasm without any nucleus with which spermatogonia and spermatocytes during their development are connected through cytoplasmatic bridges (Setchell & Pilsworth, 1989) .
It can be concluded that under natural conditions the rabbit's testis is subjected to cycles of seasonal and social regressions. Under laboratory conditions, because of the absence of physiological responses to natural stimulation, groups of testicular tubules may undergo irregular phases of degeneration followed by regeneration, and resulting in individual tubules in regression all over the year. Therefore, in adult laboratory rabbits changes of the seminiferous tubules are commonly observed and seem also dependent on age and season of the year. Berger M, Jean-Faucher C, de Turckheim M, et al. (1982) 
